Abstract. A pathogenic strain of Xanthomonas campestris pv. vesicatoria, causal agent of bacterial spot of tomato (Lycopersicon esculentum Mill.), was genetically engineered to bioluminesce. In planta growth of the bioluminescent strain was similar to that of its parental strain. Movement and growth of the bioluminescent strain in susceptible tomato seedlings after wound inoculation was followed over time with a liquid-N-cooled, chargecoupled device camera. Highly significant differences in bioluminescent bacterial growth were observed in the four tomato cultivars used. Systemic bacterial movement was most pronounced in 'Sunny', which showed population development not only at the inoculation sites but also on several sites in the leaves and at the leaf margins. Bacterial bioluminescence levels in 'Campbell 28' remained significantly lower than those observed in 'Walter' and 'Sunny'. The technique offers unique possibilities for studying host-pathogen interactions and bacterial pathogenesis.
Materials and Methods
Growth and movement of FD922 was followed in 6-week-old seedlings of four tomato cultivars ('Walter', 'Sunny', 'Red Cherry', and 'Campbell 28'). The seedlings (six per cultivar) were grown at 26C and were woundinoculated by injecting a bacterial suspension into two petioles per plant (Stall and Cook, 1966) . Inoculum was prepared by growing Xcv to late log phase (10 8 cfu/ml) in medium 210 (Shaw et al., 1992) at 29C. A computerassisted, charge-coupled device camera was used to image bioluminescence in the seedlings by focusing the camera on the seedlings and making a 5-min exposure with the camera cooled to -110C (Dane and Shaw, 1993) . Firmware was used to extract positional and quantitative data from the images. The method is nondestructive, and individual seedlings were analyzed repeatedly (at 3, 7, 10, 14, 20 , and 34 days following inoculation). The data (quanta per plant) were analyzed by the general linear models procedure of SAS (Cary, N.C.).
Results and Discussion
Highly significant differences in bioluminescent bacterial growth, expressed as quanta per plant, were observed among the tomato cultivars tested (Fig. 1) . Three days after inoculation, high bioluminescence levels were present around the inoculation sites in ≈75% of the inoculated leaves. Systemic bacterial movement was most pronounced in 'Sunny' plants, which showed bioluminescent populations on several sites in the leaf and at the leaf margins (Fig. 2) . While bioluminescence levels remained low in the 'Campbell 28' leaves and decreased after day 7 in the 'Red Cherry' leaves, high bioluminescence levels were observed over longer periods in 'Sunny' and 'Walter' (Fig. 1) . Eventually, bioluminescence levels decreased in all plants. Lesion development was limited and lagged behind bacterial population development. Bioluminescence levels in 'Campbell 28' were significantly lower than those observed in 'Walter' and 'Sunny'. This finding contrasts with results of other studies (Scott and Jones, 1986 ) and requires more investigation. The technique offers unique possibilities for studying host-HORTSCIENCE 29(9):1037-1038. 1994.
Bacterial spot disease of tomato , caused by Xanthomonas campestris pv. vesicatoria (Xcv), is a serious problem in regions with high temperatures and humidity. Xcv enters the host through stomates and wounds, colonizing the intercellular leaf spaces, and affecting all aboveground plant parts (Gitaitis et al., 1992) . Partial resistance to Xcv was reported in the tomato cultivar Campbell 28 (Crill et al., 1972) , whereas Jones and Scott (1986) reported a source of hypersensitive-type resistance in 'Hawaii 7998'.
Bioluminescence in phytopathogenic bacteria has been used successfully to monitor nondestructively the movement and spread of living bacteria in planta as well as in the field environment (Shaw et al., 1992) . A bioluminescent variant of Xcv tomato strain XV171 (obtained from J.B. Jones, Bradenton, Fla.) was constructed using the transposon, Tn4431. The transposon, which carries the lux genes of a marine bacterium (Vibrio fischeri) and tetracycline resistance genes was transferred to XV171 through electroporation (Shaw and Kahn, 1993) . Initial experiments were conducted with 4-week-old 'Walter' tomato seedlings to compare in planta growth of the bioluminescent bacterial strain (FD922) with that of the parental strain. Results confirmed earlier studies with bioluminescent Xanthomonas campestris pv. campestris in cabbage (Dane and Shaw, 1993; Shaw et al., 1992) : in planta growth of the bioluminescent strain was similar to that of its parental strain, and the level of bacterial bioluminescence observed in the host is a function of the bacterial population level.
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pathogen interactions under various environmental conditions, since it provides a nondestructive means to analyze bacterial growth in planta, and can especially be useful in field epidemiology investigations.
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